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LARP-CERN Integrated Plan™

LARP and CERN are working closely together for
developing and demonstrating the MQXF design:

 Requirements from Hi-Lumi LHC WP3
— With strong LARP participation
e Shared work for the design (single design)

— Working groups with representatives from 4 labs
e Shared effort for the 15t short model (SQXF1)
 Work in parallel for subsequent short models (SQXF)
LARP/CERN full-length (4m/6m) prototypes (LOXF)
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Plan Overview

* Short model program: 2014-2016

— Fabrication of practice coils is starting this month
» According to schedule presented at CM20 (4/13)

— First SQXF coil test (Mirror structure) in Dec. 2014
— First magnet test (SQXF1) in May 2015
— 2 (LARP) + 3 (CERN) short models + reassembly (~4)
* Long model program: 2015-2017
— Coil winding starts in 2015: Jan. (LARP), Sept. (CERN)
— First LOXF coil test (Mirror structure) in Dec. 2015
— First model test in Oct. 2016 (LARP) and July 2017 (CERN)
— 3 (LARP) + 2 (CERN) models in total

* Series production: 2018-2022
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SQXF plan and schedule: @&t
Coil fabrication

* LARP * CERN
— Number of coils — Number of coils
* First set * First set
— 2 practice coils — 2 practice coils
— 1 mirror coil — 1 mirror coil
— 5 RRP coils — 5 RRP coils
* Second set * Second set
— 5 RRP coils — 6 PIT coils
— 5 RRP coils
— Fabrication steps
* First set — Fabrication steps
* FNAL: winding + curing * Winding + curing + reaction +
* BNL, FNAL, LBNL: reaction + impregnation
impregnation
e Second set
*  FNAL: winding + curing
+ LBNL: reaction + impregnation — Fabrication time
e ~100 days (5 months) per coil
— Fabrication time 1 coil produced
« ~100 days (5 months) per coil * every 2 months in the 1% year
* 1 coil produced every month * every 1.5 months in the 25t year

. i t
— Budget limited every 1 months in the 3° ye%r
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v SQXF plan and schedule: @t‘ﬁ"&i”‘m
Tests

From assembly to test and disassembly: ~5 months; Test by LARP or CERN

e 1st generation coils
* First LARP coil test in 12/2014 (mirror structure)

* First CERN coil test in 04/2015 (SQXF structure with practice coils or
LARP mirror structure)

* First magnet test (SQXF1) in 05/2015
— Assembled ad tested by LARP with 3 LARP coils and 1 CERN coil

 Then SQXF1b (prestress optimization)

* First magnet test by CERN (SQXF2), then SQXF2b (test of LHe
containment)

e 2nd generation coils
 LARP RRP: SQXF3 (04/2016) and SQXF3b (11/2016)
 CERN PIT: SQXF4 (2016-2017)
 CERN RRP: SQXF5 (2017)

e Test of 2-magnets in 1-cold-mass: SQXF5+SQXF3b (2017)
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Start Practice Coils - RN Odays ~ Fri2/21/14  Fri2/21/1423,38,89,115,121 o Fog .

Practice Coil #L1 108 days Mon 224114 Fri 7126/14/150 s, e F) r actl Ce CO I S

Practice Coil #L.2 131days Mon3/17/14  Thu 9/18/1490 S

Start Practice Coils #3 - R Odays ThuSA/4  Thu 511142191125 153

Coil L3 (for mirror test) 87days  Fri5i244  Thu 9414163 » | . .

Mirror assembly Readyness Rev Odays  Thu3/Hé  Thu 8idi14 16453 COI I for rnl rror test

SQXFM mirror assembly & test 85 days Fri9/514  Thu 1/8M5169

SQXFM Test Analysis 4wks  Fri1@Ms  Frizénsito (1 A_:_}

SQXFM Test Review 0 days Fri 26/15 Fri 2615175 & 26

HQ feedback 90 days Mon 23114  Mon 6/9/14 =

end spacer adjustments. 8wks|  ThuSM/14]  Thu6/26M4/153 []]]]]]]]]]]]]}——l gu[pmnntn

SQXF1 Coils Readiness Review - RN Odays|  Fri7/25/14  Fri7/25/14[182,151,177

Coil #L4 107 days  Mon 7/28/14 Mon 12/2811492,183

Coil #L6 102 days  Mon 8118114 Wed 1/1411592

Coil #L6 97 days  Tue 9/9M4  Thu 1/2911593 S x F 1

Coil #L.7 107 days. Wed 10MM4  Fri 361594 Q

Coil #L.8 102 days Wed 10/22114  Fri 312011594

Coil C3 (CERN) 20days  Fri12/5M4  Mon 1i515

SQUXF1 Assembly Read. Rev - RI Odays Thu1/28/M5 Thu 1/28/15(184,191,197, 71,5216 *

SOXF1 Assembly & Test 115days  Fri1/301M5 Mon 711315219

SQXF1 Test analysis 6wks| Tue7M4M5 Mon 82415220

SQXF1 Test Review Odays  Won 8/24/15 Mon 8/24/15226

SQXF1 disassembly 3Mdays Tue7HM4ME Tue 825116220

SQXF1b (prestress adj) 82days  Tue 8i25M5 Wed 12/23115228 =

modifications for SQXF2 coils 60 days. Fri 14915 Fri 4315170 v o "REag, oy

2nd SQXF mirror for issue in 1st 168 days|  Mon 416115 Wed 1212115170,240 g g ",

mirror test L o* A
Coil #L.9 95days Mon4M315 Tue 8/25/15170,240,95 = . S ‘ x F <
Coil #L10 107 days  Mon 5415  Fri 10121596 R A :_) 9
Coil #L11 108 days Mon 5/25/5 Mon 10i261597 H - - .

Coil #L12 120 days Mon /20115 Mon 111111698 % g~
Coil #L13 (spare) 111days Thu10MM5  Fri3i111698 ‘.. L - *
SQXF3 108 days  Tue 112116 Mon 6/13116244,260,257,263,232 ‘e, .

SQXF3 Test Analysis 4wks| Tue®M416 Tue 7112116275 fag,

SQXF3 Test Review Odays Tue7/2M16 Tue TH2ME281

SQXF3 disassembly 3 days Tue6HM4ME Wed 7127116280

SQXF3b 108 days Thu7/28M6 Fri12/30116283

SQXF3b Test Analysis 4wks|  Mon12M7  Tue 13117287

SQXF3b Test Review Odays  Tue /3117  Tue 1131117283

CERN Practice coil 178 days. Mon 33/14 Mon 11110014

CERN RRP coils (8) 315days| Mon7/21/14  Fri10/16/15

CERN coils PIT () + RRP (5) 361days| Mon&3/15  Fri 67

SQXF2-CERN 111 days Wed 121615 Tue 5/24/16296

SQXF2b-CERN w LHe containm. 66days Wed5/25M6  Fri 8/26/16298

SQXF4-CERN w PIT 111days Mon 82916  Tue 2717300

SQXF5&SOXFO3b CERN 111days  VWed 2/8M7  FriT/417 302,287,207
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Long model program HC
Plan and schedule

LARP

e Number of coils

— 2 practice (1 FNAL & 1 BNL)
— 1 coil for mirror test
— 15 RRP coils

Coil winding starts 01/2015

e Models/tests

3 models, 3 tests + mirror
2 structures

Vertical tests (BNL)

Mirror test in 12/2015
First model test in 10/2016
Last test 04/2018

CERN
e Number of coils
— 3 practice

— 1 coil for mirror test
— 11 coils (5 RRP + 6 PIT)

Coil winding starts 09/2015

e Models/tests

2 models, 3 tests

Horiz. “simplified” tests
Mirror test in 11/2016
First model test in 07/2017
Last test 10/2018
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“In preparing for battle, | have always found that

plans are useless but planning is indispensable.”
DWIGHT D. EISENHOWER

D Task Name Duration PraCtICe COI IS Foie
ol 2015 Gitr 1, 2017 fatr 2, 2017 fatr 3, 2017 [tr 4, 2017 fatr 1, 2018 fatr 2, 2018 atr 3, 2018
(2] r » Jan [Feb [ Mar [ Apr [May [Jun | Jul [Aug [Sep | Oct [Nov [ Dec | Jan [Feb [ Mar [ Apr [May [Jun [ Jul [Aug
329 Lcoil #1 Practice Coil 94days  Fri1/9115 Thu 52016]K ) ' N
334 Lcoil #2 (for mirror) 1M3days  Fri3M316 Thu 8/2015) " e c’ o I fC rl O r tes t
341 LQXFM assembly & test 110days  Frigi21/15  Lon 21/1§) -
346 LQXFM Test Analysis 4wks  Tue 22116  Mon 2/29/16 . guuEEEEEREAy
M7 LQXFM Test Review Odays Mon 2/29/16 Mon 2/29/18) ““ hLIN .
348 | Lcoil #3 101 days Wed 7/29/15 Mon 12/21/15 K & - <y L ‘ QX F 1
354 Lcoil #4 113days Thu 10115 Tue 311516 & = \'2 %
361 Lcoil #5 101days  Fri10/30115 Won 3/26/16) " - S
367 Leoil #5 114 days Wed 12/2115  Fri5/13/1§) - ¢ *
374 LQXF1 assembly & test 160 days Mon 5/16/16  Mon 1/2/17 e a, PR
380 LQXF1 Test Analysis 4wks  Tue1/317  Wed 211117 Rhl LT TP T L q
381 LODX(F1 Test Review Odays Wed 2117  Wed 21117 F o
382 LQXF1 disassembly 21 days Tue 113117 Thu 2/2117| ’_] "‘l'
385 Leoil #7 95days Tue 111916 Tue 531/ - » I
1| LoxFib foptional T days| FAZEAT  Mon 8T W
398 LQXF1b disassembly 26days  Tue 8817 Tue 911217 V __..---"""'---.... ‘%ﬂﬂw
4M LQS02 readiness review 0 days FriSM3/16 Fri 5/13/16] ;’: . e o
402 Lcoil #8 113days Mon 10/3/16 Vied 3/15/17 = o
403 | |Lcoil#9 101days  Tue 114ME  Tue 3128117 B L
415 Leoil #10 129days  Fri12/216  Tue 6617 - ‘,'
422 Leoil #11 117days  Tue /3117 Mon 6/13/17
428 Lcoil #12 (W&C PC at BNL) 45days  Mon /616 Mon 8/8/1§
432 Lcoil #13 (full coil at BNL} 219days Mon 10/3/16 Mon 8/14/17 =
438 LOXF2 assembly & test 130 days Tue 62017  Fri 12/22/17| -
444 LOXF2 Test Analysis 4wks| Mon 12/25/17  Wed 1/24/18] &
445 LOXF2 Test Review Odays Wed 1/24/18  Wed 1/24/18 $ 124
446 |E MQXF TDR completed Odays  Fri429116  Fri4/29/18 %7
LQXF3 Magnet structure (design 346 days Fri 4/29116 Mon 91117 - -
for MQXF)
454 |[EH Completed coil modifications based on Odays Tue10/4/16  Tue 10/4/15) 4
MQXF TOR
455 LOXFO3 Readiness Review Odays Wed 42617 Wed 4/26/17| &
456 Leoil #14 112days Thu 42717 Wed 1014117 & = ’o‘ L
481 Lcoil #15 141days Mon 52917  Fri 1211617 N = I L Q X F_ 3
466 Lcoil #16 101 days  Thu 42717  Tue 9119117 2 - = g
472 Leoil #17 128 days Mon 529117 Tue 1128117 * . - ¥
478 Leoil #18 153days Tue 62717 Mon 2/5118) Tea,
483 LQXF3 assembly & test 130 days Mon 1211817 Wed 6/20118 RRLT ] TH
489 LQXF3 Test Analysis 4wks  ThuBi21/18  Thu 7/18/15 LAR P On Iy
480 LOXF3 Test Review Odays Thu7/9/18 Thu7/19/18
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Planning

Minimal program.
§ Having LARP & CERN
in parallel provides
risk mitigation

* Nb;Sn magnets have never
particle accelerator yet!

e Short models (SQXF):
— 2new + 2re (LARP)

 Minimum for quench performance and prestress range
— 2new + 2re (LARP, RRP) + 2new + 1re (CERN, RRP)

* OK for understanding He-shell impact and 2-in-1 He-vessel
* Minimum for field quality

— Imirror (LARP)
e Very minimum (HQ had 3)
* Provides test bed in case of issues

10
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CERN will start after

P|anning LARP and will develop
6.8m long magnets.

* Long models (LQXF): =» We count only on
— 3new (LARP) LARP for this.
* Almost minimum for demonstration of reproducibility
— Ore (LARP)
e Thisis a risk, LQSO1b was very useful for LQ development
— 1 mirror (LARP)

 Minimum: if we have limited performance in LQXF1 the
mirror test will help understanding cause btw coil/structure

* Provides test bed in case of issues

11
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QXF Schedule

* From strand procurement to test analysis

* Durations based on input from task leaders and
35S

e Schedule is budget limited (scenario #1)

* Resource loading is in progress

— Started with this FY in order to compare RLS
estimate with LARP style estlmate

DO Review . B A A
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“w | ARP MS Budget Request

Need some
trimming to fit into
Scenarios #1,2

FY14 FY15 FY16 FY17 FY18
6.1 5.8 5.7 6.9
1.4 2.8 2.8 1.3 0.1
TOTAL 7.5% 8.6 8.5 8.2 0.3

*Assuming $0.3M from APUL contingency

In order to fit into

e M&S drivers: Scenario #3 we have
_ to remove the LOXF
— Conductor (S/LQXF coils): $2.5 M mirror ($1.5M):
e Assuming $1.2 M CDP contribution Strand, Cable, Coil fabrication,
— QXF coil tooling: ~$1.5 M oty Tt
— LQXF structures (2): $S0.8 M => high risk in case
— BNL vert. test facility upgr.: S0.7 M of limited

performance of
LQXF1
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Preparation for Project

* Each lab is focusing and starting/strengthening
its contributions to the Construction Project
— Starting wind&cure line for LOQXF coils at BNL
— Strengthening QC and QA in all areas
— Setting up a test facility for L/MQXF magnets
— Building documentation and process

* Conductor specs
* Functional test requirements
* SQXF1 design report

14
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Monitoring Expenses

* For all major tasks we plan to monitor expenses
vs. estimates on a monthly base

— Both Labor and M&S

— Work performed vs. work scheduled is already
monitored separately

— Previously done for some LQ tasks
— First step toward EVMS

LQ Coil Fabrication (FNAL)
1400

—m—adjusted budget
1200 -

| —=—Original budget /‘. .
1000 ——  —+—Expenses
800
600 /
400
200 1 /

K$

D
S S S S S
§ w@ & & & 15
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Conclusions

* |In HiLumi, for the 15 time ever, Nb,Sn
magnets are a critical component of a particle
accelerator
— There is an intrinsic risk ... unknown unknowns

* LARP in collaboration with CERN has
developed a plan adequate to this challenge

e We can make it successful with the best
resources at all labs and sufficient support
from the funding agency.
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